Water-soluble extracellular materials from germlings of Erysiphe graminis f. sp. hordei (a pathogen of barley) suppressed infection by the fungus in barley coleoptiles by 23-54% depending on the concentra tions applied. The suppressive activity was associated with a low molecular weight (<10,000), heat-stable moiety. The extract preparation was separated into five fractions by HPLC. When applied to lower sides of coleoptiles, only one fraction suppressed infection by E. graminis inoculated upper sides of the coleoptiles by about 60%. These suppressive extracts were obtained from conidia and germlings incubat ed on cellulose membranes 0-12 hr after inoculation, suggesting that conidia of the fungus might constitutively have the elicitor component(s) which could direct barley cells towards the inaccessible state to this fungus.
INTRODUCTION
In our previous work7-14), we studied the accessibility induced by a prior attack of a pathogen, Erysiphe graminis f. sp. hordei (abbreviated as E. graminis below unless otherwise stated), and the inaccessibility en hanced by a prior attack of a nonpathogen, E. pisi, at the single cell-single spore level in barley coleoptile cells. When penetration failed in a cell attacked by a non pathogen, the inaccessible state of the host cell was en hanced leading to subsequent penetration failures by a compatible race of the pathogen9,12,13). These results led us to assume that penetration attempts by both fungi could be key events triggering physiological changes of host cells towards either the inaccessible or accessible state. However, our later work demonstrated that E. pisi released elicitor components at the prepenetration stage which could condition host cells towards the inacces sible state11,23). Similarly, E. graminis appeared to re lease both elicitor and suppressor components several hours prior to the actual penetration7,8). In separate studies15, 16, 18) , we showed evidence that conidia of E. graminis secreted esterases, including cutinase, immedi ately after contact with a host or an artificial mem brane. All these studies suggest that components released from Erysiphe conidia and/or their germlings might affect host plant cell conditions before the fungus attempts to penetrate the cells.
Cho and Smedegaard-Petersen1) reported that inocula tion of whole barley leaves with either compatible or incompatible races of E. graminis resulted in an initial expression of induced resistance to subsequent inocula tions even with a compatible race of the fungus. Further more, Green et al. 3) reported that E. graminis f. sp. tritici elicits an increase in phenylalanine ammonia-lyase (PAL) activity in wheat leaves as early as 4 hr after inoculation. Thereafter, Shiraishi et al.20, 21) and Clark et al.2) confirmed this phenomenon by showing that within 3-4 hr after inoculation of barley leaves with E. graminis, the synthesis of cinnamic acid, the immediate product of PAL reaction, was enhanced and that extractable activity of PAL increased by 6 hr and again between 12-15 hr after inoculation. The first elevation of PAL activity occurs during the prepenetration stage, before fungal appressoria mature.
All these previous studies suggested that components which might direct host cells towards the inaccessible state could be released from germlings of E. graminis conidia at the prepenetration stage. Therefore, in this study we attempted to extract such substances from E. graminis germlings grown on cellulose membranes where initial germling morphogenesis was similar to that occurring on plant surfaces prior to penetration6). Effects of the water-soluble extract on the E.
MATERIALS AND METHODS
graminis infection As shown in Table 1 , PE of E. graminis averaged 89.3% in coleoptiles which were not treated with the extract (control). When coleoptiles were treated with 2.5-4.0mg/ml of the extract, PEs were significantly (p< 0.05) reduced to 68.0-41.1%. When coleoptiles were treated with only 0.5 and 1.0mg/ml, PEs were 86.6 and 85.2% which were not significantly different from the control PE.
Subsequently, effects of the 3.0mg/ml extract on morphogenesis of E. graminis in coleoptiles were examined. As indicated in Table 2 , morphogenesis, in cluding formation of primary germ tubes and lobed appressoria, subsequent penetration attempts occurred similarly on coleoptiles treated or untreated with the extract, showing that fungal morphogenesis up to pene tration attempt was not affected by the extract. All these experiments used the extract prepared from conidia on cellulose membranes after a 12 hr incubation. In separate experiments, extracts prepared from conidia incubated on cellulose membranes for 0-9 hr had sup pressive effects on infection similar to those prepared after the 12 hr incubation.
Effects of fractionated and heated extract on E.
graminis infection The stock extract solution was separated into two fractions of lower (<10,000) and higher (>10,000) molec ular weight. Molecular weight of both fractions was estimated by a gel-filtration standard line drawn using polyethylene glycol (PEG) of known molecular weight. As indicated by Table 3 , only low molecular weight fraction suppressed E. graminis infection. This fraction was further fractionated by HPLC into five fractions, designated f, through f5 (Fig. 2) . The approximate ratios of fraction dry weights were f1:f2:f3:f4:f5=5:5: 5:1:1.
Assuming that the initial crude extract was fractionated into either of these five fractions, 3.0mg/ml of the crude extract would include 0.88mg/ml of f1-3 each and 0.18mg/ml of f4 and f5 each. Because prelimi nary tests revealed that E. graminis infection in coleoptile cells was suppressed more strongly by low concentrations of f2 than by any other fractions, inoculated coleoptiles were treated independently with the concentrations shown in Table 4 . Only 0.4-0.6mg/ml of f2 effectively suppressed infection, showing suppres sion percentages of 57.9-60.6%. Other fractions were not effective even when high concentrations up to 2.0mg/ml were applied. The heated extract did not lose suppressive activity; similar PEs were obtained in coleoptiles treated with either 3mg/ml of the heated (53.8%) or unheated extract (60.5%). These PEs were significantly lower than that of the control (89.1%) (p <0.01). release signal (s) that elicited the enhancement of in accessibility in cells of their barley host plant.
The present results showed that the water-soluble extract of E. graminis includes some elicitor component (s) which directed coleoptile cells towards inaccessibility to the fungus. The elicitor factor, esti mated to have low molecular weight (<10,000), was heat stable, thus, partially resembling those that Kim and Uritani5) separated from mycelial homogenates of Cera tocystis fimbriata and that Toyoda et a1.23) extracted from germlings of E. pisi. The former obtained a water soluble, dialyzable fraction of low molecular weight that elicited the synthesis of the phytoalexin ipomeamarone in sweet potato, whereas the latter extracted water soluble fractions of low molecular weight that elicited inaccessibility to E. graminis in barley coleoptile cells.
At least one component which probably enhances inaccessibility of coleoptile cells was included in the present extract preparation. Among the concentrations tested, fraction 2 at 0.4-0.6mg/ml had the greatest suppressive activity against E. graminis infection in coleoptile cells, about 60%. Kobayashi et al.7) incubated conidia from the primary inoculum of E. graminis on a single cell of coleoptile (target cell) for 7-8 hr and then removed it by micromanipulation. Subsequently, they transferred a germling of E. graminis incubated for 5 hr on a coleoptile onto the target cell of a different coleoptile with a microneedle. PE of the transferred germlings after an additional 19 hr of incubation was suppressed by 44.7-66.7%. This case suggests that the first germlings might release some components which could enhance inaccessibility of the target cell. This degree of suppression was similar to what we obtained with 0.4-0.6mg/ml of fraction 2. However, the degree of suppression of infection was at most 60-70%, never near 100%. The diversity of physiological conditions of indi vidual coleoptile cells and/or the possible involvement of suppressive factors of E. graminis7,8) in extract treated coleoptiles might be reflected in these results.
As the approximate ratio of fraction dry weight in dicated, fractions 4 and 5 were quantitatively minor components in the preparation and could not be tested at higher concentrations.
However, further experiments are required to elucidate the effects of higher concentra tions of these fractions, as well as possible synergistic effects of the respective fractions.
HPLC profiles of the extracts were similar regardless of the duration of incubation (0-12 hr) of conidia on the membranes. All these extracts showed similar suppres sive effects on infection of the present fungus. These results suggest that the putative elicitor(s) may be a constitutive component of conidia and be released dur ing germination.
Examples of the production of both elicitors and suppressors have been shown with fungi such as Myco sphaerella pinodes17,19) and Alternaria alternata4). Although our previous works7,8) demonstrated the pres ence of suppressor component (s) in E. graminis germ lings which might prevent enhanced inaccessibility in barley cells, we could not find such factor (s) in our water-soluble preparation. This factor (s) may be water insoluble and thus not extracted by the present method, the time and amount of release could be limited, or its release may be on the germlings. Further experimenta tion is required to isolate this factor.
As indicated in Table 2 , the extract did not affect morphogenesis of E. graminis up to the penetration attempt. This tendency was similar to that observed with the E. pisi extract which was applied similarly to barley coleoptiles23). Since at least 40%, and more than 65% in most cases, of E. graminis can produce a haus torium even in the presence of the extract in coleoptiles (Tables 1, 3 , 4), we consider that direct interference in haustorium formation by extract is unlikely. However, because we could not examine haustorium formation of E. graminis in our in vitro system without eliciting host resistance response, we still cannot rule out the possibil ity that the extract preparation directly suppresses haustorium formation, rather than enhancing inaccessi bility of coleoptile cells. Further experiments will be needed to clarify this possibility in some way. 
